Removal experiments with three species of heteromyid rodents were performed during two summers in the Great Basin of Nevada, USA. These experiments were designed to determine the importance of interference competition in these species by quantifying the short-term responses to the removal of one or more of the species. Our results indicate that the removal of a large species (Dipodomys merriami) does have a positive effect on a smaller species with a similar diet (Perognathus longimembris). These results and others presented are consistent with a hypothesis of interference competition. However, while there is short-term increase in number of rodents in response to removals, the increase is not commensurate with the number of animals removed. We conclude that interference competition was present but weak in the two summers we manipulated this community.
Introduction
Communities of desert rodents are one of the principal systems that have been used by community ecologists to elucidate and test their ideas. The quantifi cation of competition has been one of the main foci of work on these systems. Many of the earlier works emphasized resource partitioning and exploitative competition by quantifi cation of differences in resource use. The fi rst resources studied for partitioning were microhabitats and seed sizes Winakur 1969, Brown 1975) . Later seed size was abandoned as a partitioned resource (Smigel and Rosenzweig 1974 , Lemen 1978 , Stamp and Ohmart 1978 and seed distribution (clumped vs scattered) proposed (Reichman and Oberstein 1977 , Hutto 1978 , Reichman 1981 . The role these factors play in reducing competition and ultimately allowing coexistence is still unclear. The diffi culty arises because of the inherently circumstantial evidence generated by these studies. Munger and Brown (1981) used an experimental approach to assess competition by removing one species of rodent and quantifying the effect on another species. They found that the remaining species did react, but only after several months had passed. This slow reaction time is consistent with exploitative competition; there is no response until resource levels change. Likewise, Schroder and Rosenzweig (1975) also found no quick reaction in response to the removal of heteromyids. Thus these experimental studies helped substantiate and solidify the view that competition was exploitative in heteromyid communities. Much of the community level work since Munger and Brown (1981) has contin ued to center on the exact mechanism of the exploita tive interaction with emphasis on the relevance of seed distributions and foraging strategies of different body types (Price 1983 (Price , 1984 or the interaction of habitat preferences and predator avoidance (Kotler 1984) .
On the other hand it has been suggested (Lemen and Freeman 1983 , Frye 1983 , Rebar and Conley 1983 that interference competition may be present in heteromyid communities in the desert southwest. Interference competition among heteromyids seems likely for several reasons. First, heteromyids are extremely aggressive both intra-and interspecifi cally (Eisenberg 1963 , Blaustein and Risser 1974 , 1976 , Congdon 1974 , Fleming 1974 , and this aggression may lead to hyperdispersion intraand interspecifi cally (Fleming 1974 , Schroder and Geluso 1975 , O'Farrell 1980 , Frye 1983 . Second, there is often a tendency for heteromyid communities to show a regular pattern of body weight differences among co existing species (Brown 1975, Bowers and Brown 1982) . Third, interference competition is a reasonable hypoth esis because it has been found in several other rodent communities (Cameron 1971 , Brown 1971 , Grant 1972 . And lastly, when a species of heteromyid is re moved from an area, the numbers of that species can re cover in as little as a week or two Rosen zweig 1975, Small and Verts 1983) . This rapid adjust ment suggests a direct behavioral response to the removal, rather than a response to changes in resource levels. If such a response is possible intraspecifi cally, it is reasonable to look for a similar response by compe titor species.
Removal experiments can be performed to determine if the population of one species is infl uenced directly by populations of another. If, within a few days or weeks, there is an increase in the density of the remaining species, it is likely that these species are responding directly to the removal of individuals. Slower reactions may indicate a response to changes in resource levels resulting from the removal of a competitor. Lemen and Freeman (1983) argued that aggressive interactions are important if the removal of a larger spe cies has a positive effect on smaller species, but removal of a small species has no effect on the large one. In a mesquite-blowout habitat in southern New Mexico this prediction of the dominance hierarchy hypothesis was confi rmed (Lemen and Freeman 1983) . The removal of the large heteromyid Dipodomys (kangaroo rats) stimu lated an increase in the smaller Perognathus (pocket mice) in only two weeks, but removal of Perognathus had no effect on Dipodomys. Frye (1983) found that the presence of the large D. spectabilis reduced the use of an area by the much smaller D. merriami. OTarrell (1980) also concluded that there was a dominance hier archy in a heteromyid community by analyzing spatial distributions. He found that species were often hyperdispersed both intra-and interspecifi cally. Further, he found that the larger heteromyids were more special ized in habitat requirements than the smaller forms, and that smaller species avoided overlap of home ranges with the larger species. This avoidance is consistent with dominance hierarchy hypothesis that predicts larger species occupy their preferred habitats and eliminate smaller forms.
To obtain more information on the importance of interference competition we conducted a large experi ment near Goldfi eld, Nevada, to remove single species and pairs of species of heteromyids from large unfenced grids. We found the expected shifts in rodent numbers that substantiates the presences of interference competition. However, we also found that species did not en joy a large short-term increase in response to the re moval of a presumed competitor. Indeed, there was little response in spite of the fact that large numbers of rodents were removed from the grids.
Materials and methods
During the summers of 1980 and 1981 trapping grids were established in the Great Basin desert near Goldfi eld, Nevada. In the fi rst year 10 grids were used and in the second, 13 grids. Each grid was a 210 m square (4.4 ha) with trap stations at 15 m intervals, for a total of 225 trap stations per grid. Sherman live traps (7.5 × 23 cm), baited with mixed bird seed, were used. In 1980 the grids were trapped from 6 June to 18 August and in 1981 the trapping period ran from 2 June to 8 July. During these periods we trapped for a total of 36,000 trap nights.
The grids were divided up into controls and treatment plots. On the control grids there were no removals, but the grid was trapped at the same intervals as the other grids. In each year two grids were used as controls. There were four experimental treatments: removal of D. microps, removal of D. merriami, removal of both these Dipodomys, and removal of P. longimembris. All of these treatments were replicated twice the fi rst sum mer and at least twice the second summer (Figs 1,2) .
Initially all grids were censused with two nights of trapping and estimates of the initial number of animals on the grids were obtained using the Jolly method (White 1971) . Each animal captured was identifi ed, sexed, weighed, and given a unique eartag (monel fi n-gerling tag). On the control grids animals were released. On the second morning of the initial census the animals to be removed were released not on the grid but about eight kilometers away. No animal released in such a manner ever returned to a grid. At about seven day in tervals each grid was trapped again to maintain the re movals. These periodic trappings also supplied informa tion on the numbers of individuals present for the spe cies that were not being removed.
Of course, the mark-recapture method of censusing cannot be used for a species when all individuals are being removed (recaptures are impossible). Estimates of the number of individuals of a species being removed that were still on a grid were found by using the average percentage of the total animals caught each night. These percentages were calculated by fi nding the average per centage of animals caught every night on the control grids (based on the estimated total generated by the Jolly index). The values were 85% for P. longimembris, 89% for D. merriami, and 83% for D. microps. Therefore, on the average 89% of the D. merriami estimated to be on a grid by the Jolly mark-recapture method were caught each night we trapped. Thus, if 30 D. merriami were captured on one night on a removal grid we estimated that 33.7 D. merriami were actually on the grid (30 is 89% of 33.7).
The study area is located at an elevation of 1530 m in the Tonopah section of Cronquist et al. (1972) . The rainfall averages 11.5 cm per year. The vegetation is dominated by shadscale (Atriplex confertifolia). Other common bushes included A. canescens, Sarcobatus vermiculatus, Kochia americana, and Lycium cooperi. As is typical of this area the cover of forbs and grasses is relatively low. The entire area is grazed by cattle and feral horses.
The food habits of the common species of rodents were determined by analysis of fecal pellets. During the fi rst year samples were collected from rodents on all grids. Also collected were potential food items to use for reference. Microscope slides were prepared and percent diets estimated by the percent coverage of diffent food items in six random microscope fi elds of view at 50 power (Tab. 1).
Tab. 1. The diets of the common heteromyids are shown as a percentage of the total. These data are from the analysis off fecal samples from all grids during the fi rst summer. Also shown are the dietary overlaps between the species. 
Results

Effi cacy of removals
Removal of rodents from the grids was simple and effective. Each night a large proportion (about 85%) of the rodents on a grid were captured. The effectiveness of the removals to reduce the density of a species was tested by comparing the number of animals caught after two weeks of removals with the number caught during the original census on both the control and removal grids. We used the GLM program from the SAS statistical package (general linear models program described in Goodnight et al. 1982) . The number of animals caught at two weeks was the dependent factor and the independent factors were: the species, the number captured in the fi rst two day census and the treatment of removal or control. This analysis indicated that a signifi cant amount of the variation in the number of captures at two weeks was explained by number caught in the fi rst census (F = 35.25, p < 0.0001) and by the removal/control treatment (F = 38.25, p < 0.0001). However, species had no effect (F = 0.34, p > 0.1). Averaging over all species we fi nd that the removal treatment caused a 71% decrease in the numbers of individuals caught as compared to the control grids. These fi ndings strongly indicate that the removals successfully decreased the numbers of animals on grids (Figs 1,2) .
Intraspecifi c effects of removals
A comparison was made between the rates of arrival of new individuals on the removal and control grids to de termine if the removal of a species had an effect on the arrival rate of new individuals of that species. Once again the GLM program was used; the number of new individuals arriving after the initial removal was the dependent variable and the independent variables were: the species, the number of individuals in the fi rst cen sus, and the removal or control treatment. This analysis indicated that the particular kind of species being re moved had no effect (F = 0.01, p > 0.1), but that initial numbers (F = 67.5, p < 0.0001) and removal/control treatment (F = 10.35, p < 0.01) both had signifi cant ef fects. The rate of arrival of new individuals was 2.74% per day on removal grids and 1.16% on the control grids. Schroder and Rosenzweig (1975) found a recov ery rate of 5.5% for Dipodomys in New Mexico and Abramski and Sellah (1982) found a rate of about 3.0% (short-term) for Gerbillus in Israel.
Interspecifi c effects of removals
The effect that removing one species had on other spe cies was analyzed separately for each summer. The numbers of animals on a grid were estimated using the Jolly index and, because standard errors were also gen erated, any change in estimated numbers on a grid could be tested for signifi cance based on an overlap of two standard errors. By this criterion, there was never a signifi cant increase in numbers for any species on the control grids.
To detect possible effects of the removal of Dipodo mys on the numbers of P. longimembris a GLM analysis was performed on the data collected during the fi rst summer. The change in rodent numbers after three weeks was the dependent variable and the number of D. merriami and D. microps removed from the grid were the independent variables. The result of this analysis in dicated that removal of D. microps had no effect, but the removal of D. merriami had a signifi cant and posi tive effect (F = 10.7, p < 0.02). The slope of this rela tionship is 0.078, indicating that for every 13 D. mer riami removed from a grid there was an increase of one P. longimembris. Further analysis indicated no signifi cant effect of the removal of Dipodomys on other Di podomys, and no signifi cant effect of removal of P. longimembris on either Dipodomys.
The analysis just presented used the changes in ro dent number at three weeks as the dependent factor be cause we were interested in the short-term reactions of populations. During the summer of 1980 the removals were maintained for about 60 d on grids 1 through 5 and for about 35 d on grids 6 through 10 (Figs 1,2) . The re actions of the populations at these longer time periods were no greater than at three weeks.
In the second summer, removals had no detectable effects on the numbers of the rest of the species on a grid 
Removals
No. Animals after two weeks of removals. During the second summer there were considerably fewer individuals of all species on the grids. Based on our simultaneous trap ping over a 50 km 2 area, we feel this general decline was not due to our removals of the previous year, indeed the decline in the density of rodents was suffered on grids that were controls as well as those from which species were removed.
The analysis of the fecal pellets indicated that there are two basic types of diets in these heteromyids. One group (D. merriami, P. longimembris, and Microdipo-dops pallidus) eats a wide variety of materials including vegetation, seeds and insects. The other group (D. deserti and D. microps) concentrates on leaf material. The overlap values of these diets are shown in Tab. 1.
Discussion
Two factors that would contribute to the evolution of interference competition between species are particularly relevant to this discussion. First, the species would have to be competing for some resource and second, one species would have to be able to dominate the other behaviorally to the extent that it could lessen the competitive impact of the other species. Satisfaction of these two criteria is probably necessary but not suffi cient for the evolution of interference competition. Using these two criteria, one can predict where interference competitition would be most likely in the heteromyid community under study. Perognathus longimembris because of its small size would be unlikely to dominate either D. merriami or D. microps. D. microps is the largest of the heteteromy- While the number of P. longimembris on a grid in-reases in response to the removal of D. merriami as predicted, our analysis indicates that an average of 13 D. merriami have to be removed for an increase of one P. longimembris. This response is about 13 times weaker than the reaction of Perognathus to removal of Dipodomys in the Chihuahuan desert (Lemen and Freeman 1983) . Moreover, in the second year no response by P. longimembris to the removal of D. merriami could be demonstrated. The lack of response may have refl ected some density dependence of interference competition such that at low densities interference competition may not be present. However, in the second year the low numbers of D. merriami on the grids would have made it diffi cult to quantify a reaction. With an average of 14.6 D. merriami per removal grid there is only an expected average response of 1.13 P. longimembris (based on the results on the fi rst year). Such minor changes are diffi cult to detect statistically with the sample sizes of grids used in this study. They may or may not have been present.
Our initial goal was to determine if there are shortterm responses to the removal of species from a heteromyid community. Several lines of evidence suggest that such a reaction is possible. First, other studies of similar species have found such short-term reactions. Second, the general ecologies of these rodents, especially D. merriami and P. longimembris, indicate at great deal of overlap in food habits and habitat preferences. Our analysis indicated that short term responses were weak in the community we studied for two summers. Therefore, our results are at odds with the strong inerference competition found in heteromyids by Lemen and Freeman (1983) and Frye (1983) . However, our results are also inconsistent with Schroder and Rosenzweig (1975) and Munger and Brown (1981) who found no fast response to removals in heteromyids. It is not obvious why the last studies were not able to fi nd short-term responses to removals. This is particularly true for the study by Munger and Brown (1981) who, like us, worked with a small Perognathus and a mid-sized Di podomys. It is possible the importance of interference competition may vary from place to place or from year to year. Certainly, the density of the rodents do vary greatly through time. Another factor that might have caused a difference in our results is the use of fenced grids by Munger and Brown (1981) . While their grids did allow passage of Perognathus at sixteen points, this might not have provided suffi cient movement and con tact for the interference competition to have an effect. Further, because the interference competition we docu mented was relatively weak, the smaller grids and fewer animals used by Munger and Brown (1981) might not have been able to quantify this weak interaction.
